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COMPLETE SPEOOTOATION 
Improvements in Processes of High Vacuum-short Path Distillation 

"We, Eastman Kodak Coiaunr, a continues to collect resulting in. clogging 
Company organised under the laws oi" the of the apparatus. Where the constituents SS> 
State oi New Jersey, United States of of the mixture to be distilled boil at nearly 
America, of 848, State Street, Eochester, the same temperature the entire liquid 
5 State of New York, United States of may evaporate leaving a deposit of non- 
America (Assignees of Kjshmbth Giaube volatile residue on the evaporating sur- 
Deverbcx. HiciOfAX, a British subject, face. As the evaporating and condens- 6* 
of Kodak Park, Eochester, County ing surfaces are arranged in close 
Monroe, State of New York, United proximity the deposit cannot he eflec- 

10 States of America), do hereby declare the tively removed unless the whole_ still is 

nature of this invention and in what dismantled which involves considerable 

maSner the same is to he performed, to loss in time 'and expense. A clean 06 

be particularly described and ascertained evaporating- surface is important for 

in and by the following statement: — efficient distillation, and it has_ been 

15 This invention relates to improvements necessary until the advent of this inven- 

in processes of high vacuum-short path tion to periodically dismantle the still 

distillation, particularly that specific and mechanically remove deposited JO 

form of high vacmum-short path distOla- materials. 

tion in whioh. the distance separating This invention has for its object to 
20 evaporating •aid condensing surfaces is overcome the deficiencies of hitherto 
equal to or less than the mean free path known high vacuum-short path distilla- 
of the molecules of the distffland, herein tion processes by providing a process tit 76 
referred to as molecular distillation. which viscous material or materials yield- 
Processes of high vacuum-short path ing vitamins, sterols, hormones or 

" and have been unsaturated glyceridea and 

deposit solid — V - J — 



35 agents 
high vac 



.».«. v . — without clogging of -the distillation. 8ft 

U.S Patent Specification 1,955,321 dis- apparatus and without decomposition of 
closes the molecular distillation of hydro- heat sensitive materials contained 
80 carbon oils and in U.S. Patents specifics- therein. A remedy is also sought for 
tions 1,825,659 and 1,842,858 Hickman preventing deposition of non-volatile sub- 
has disclosed tbe similar distillation of stances in high vacuum-short path dis- - 85 
vegetable and animal oils, fats, and filiation processes when the constituents 
m in order to concentrate therapeutic of the nurtures beimr distilled have 
-ts contained therein. Process of closely allied boiling points, 
b. vacuum-short path aiBtiUtrtion lave According to the present invention, 
u»«n applied to the treatment of substances which are^tmid at the tern- 80 
numerous other types of materials such -perature of, the stall and which on dis- 
as sterols, hormones, etc. and materials filiation yield vitamins, sterols, hormones 
40 containing same. The materials so or unsaturated glycerides, are subjected 
treated are often of a viscous character, to high yaeraum-^ort paib , distdlation, 
of hi»h molecular weight and therefore there being added to the original distil- 
do not flow with sufficient rapidity Mwa fraction thereof stiE requiring 
through the still. This results in over- distillation, another liquid laying a 
46 heating and decomposition of valuable vapour pressure lower than that Df the 
constituents and is especially disastrous distillate under the conditions appertain- 
when materials containiact heat sensitive ing, thereby preventing deposition of 100 
substances such as vitamins are treated, non-volatile i residuum upon the distilling 
Often the materials to be distilled contain surface tending to clog the stall. 
60 dissolved substances which are throws It has ab-eady been proposed to subject 
out of solution on aietniation of part of finely-divided solid materials to mole- 
the solvent and this material deposits on. otter distillation by mixu* them with a 105 
tie heated evaporating surface where it liquid serving as a vehicle or earner, e.g- 
l&rice I/-] 



s 



the high vacuuni-short path distillation 
of solid, placenta, dispersed in. ux oH t so 
as to yield a fraction containing the 
female sex hormone, has already been 
o proposed but in our process tha liquid 
fluent is added to a oistaiand which is 
itself liquid at the temperature of the 
still, for the purpose of accelerating the 
flow of the liquid over the distilling sue- 
iU face, _ for example, by lowering the 
surface tension of the 



In the following examples and descrip- 
tion several of the preferred embodiments 
16 of the invention are set forth, but it is 
to be understood that they are included 
merely for purposes of illustration and 
not as a limitation thereof. 

For achieving the best results by means 
20 of the present invention a liquid should 
be selected which is misciblo with the 
distilland smce the precipitation of 
solids will be more effectively prevented. 

or partially 

sed since they 
or will mech- 

. mtMiA±A.j cxiw-ttiii Hiku niiaove precipitated 
solids which are not soluble therein. The 
selection of the liquid agent obviously 
30 depends upon the character of the par- 
ticular distilland and the vapour pressure 
of the distillate to be removed, "Where 
the distillate has a relatively low vapour 
pressure the liquid need not have an 
36 excessively low volatility. It is impor- 
tant, however, to select a liquid which 
has a lower vapour pressure than the dis- 
tillate or it will also distil giving no 
beneficial results as far as the removal cf 
40 solids is concerned. Preferably a liquid 
is employed which also has a considerably 
lower vapour pressure than the distilland 
especially where contamination of the 
distillate by the entraining agent is 
46 undesirable. 

In sneaking of substances having a 
relatively high or low volatility it is to 
be understood that this invention relates 
to high vacuum-short path distillation 
0 and tu such processes materials - Vl - 



iu. lu. sum processes materials generally 
loognised as being of low volatility are 
«iually distilled and the comparison is 
therefore between substances which are 
considered to be relatively non-volatile 
5 under conditions of normal temperature 
and pressure but which may have appre- 
ciable and comparable volatilities when 



. uuiujju««ue volatilities wnen 

ibjaoted to the high temperature and 
iw pressures associated with Men 
on-short path distillation. ThusTin 
substance such. as propyleao 
vola- 



v«uu.uou-3aorc para aUTUlaticr 
distilling a substance such as 
erlycol which has a relativelv 
tifiiyin the field of h— ' 
tion, a liquid having 



i? in the field of hiffh"vao 

.„a, a liquid having B lower vapour 
OB sure such as tnphenyl phosphate nu 



emptoyed to prevent deposition. The 
phoahate has a, vapour pressure which is 
also rather Wh but is sumoiently low to 
enable distillation of the glycol without 
substantial contamination. In distilling 70 
those natural vegetable and animals oils 
whioh serve as sources of vitamins, 
sterols, hormones, or unsaturated 
glyeendes, substantially no residue 
18 .-j * , to ? ari y awa y dissolved 7S 
solids and protein matter. Ab such oils 
consisting substantially of glycerfaes 
have afow volatility it is necessary to add 
a liquid agent which has a very low 
vapour pressure. The pnrtioular agent 80 

e selected depends upon the nature of the 
eride or oil to bo treated und where 
glyceado to be distilled is of rather 
nigh, volatility as compared with other 
glycerides the latter may be used as the 85 
liquid agents. Thus, in distilling Iin Se ed. 
salmon or cottonseed oil, a glyceride of 
bedded rolatabfy m6k aa oastor oiJ mav 

Instead of using a foreign liquid it is 90 
orten convenient to use the lowest vapour 
pressure fraction of the oil which k to 
be distilled. Most unsaturated natural 
oils contain a small quantity of extremely 
non-volatile liquid* residue. If tU 9B 
residue passes too slowly over the heated 96 
surface of the still it may dry down in 
spite of its low volatility or it may decom- 
pose or polymeria. By increasing the 
rate of travel through the still especially 1Q0 
at tile hottest portions this non-volatile 10 
residue mixed with constituents which it 
w desired to volatilize can be easily with- 
drawn and partially or entirely returned 
to some previous position or stage of the 105 
■fall. It may thus be added to the 
original oil to be distilled or te the C 
S ^£fa J h,Bk Jt S *» lubrieate. 

In this vray nn^ desired proportion of 

^J**. PifPortions of liquid agent used 
tZt ^-T^l 1 S* 3 ?. B ^ be S8ve ««l times 
the weight of the distilland or only a 
fraction thereof .depending upon the xt6 
physical characteristics of the material to 
be distilled, the amount of solids dis- 
solved therein and their tendencv to pre- 
wpitnto, and upon the amount* of the 
to Mand which is to be removed as dis- 120 
fa^to, tendency to polymerise etc. 
vvhere the disfaUBna is viscous and con- 
tains a high proportion of dissolved solid 
or gelatinous material, a higher propor- 
tion must be used such as equal propor- 126 
faons, or in some cases 2, 5 or as hiirh as 
25 parts or more of liquid to 1 of distil- 
lana. The -same is .true where substan- 
tially all of the liquid portion of the dis- 
tiHana is to be removed as distillate. ISO 



Lower proportions such' as -about .6 to 
50% are satisfactory in oases where the 
material treated is of low viscosity and/or 
little of it is to be removed as distillate. 



, „ — However, anyone 
skilled in the art can, by following the 
10 directions given, apply tie principles of 
the invention to any particular material 
under consideration. 

Where heating of the distilland causes 
deposition of solids a solvent for the 
16 sonde may he employed as- the distilland 
diluent. This expedient is effeotive even 
where there is normally a considerable 
portion of the distilland remaining as 
undistiHed liquid* 
20 The distilland diluent employed may 
be separated from the distilland and re- 
used any desired number of times. In 
■order to make this separation easier it is 
often desirable to employ a liquid which 
26 is immiscible with the distilland at ordi- 
nary or nub-normal temperatures, but is 
miscibla therewith at the temperature of 
distillation. Such a liquid can bo 
separated from the distilland &t re-use 
30 by the simple expedient of cooling and 
seporation of the two layers of Equid 



of the vaporized moleculeB do not return 
to the evaporative surface and are con- 
densed upon a surface looated in close 
TO-oacimity to the evaporating surface, 
is distance is usually of the order of, 70 
less than the moan free path of the 



the mean free path are processes of mole- 
cular distillation. Tory useful^ results 7ff 
can be obtained, however, using distances 
of several times this- amount if a rapid 



cess may be termed pseudo-molecular dL 
tiHalaon. Processes of molecular dis- 
tillation can conveniently be ci 

in any of the various ty * 

ion apparatus. 



closed. The material may be degassed I 
by being psssed through a chamber or 
series of chambers suitably evacuated by 



pumps or it may be subjected to contact 
with an inert gas, eounter-ourrent or 
otherwise, and heated or otherwise, when 95 
the absorbed gases are swept out by tha 
inert gas, and the material then subjected 
to vacuum distillation to remove the inert 
gases without the latter having a detri- 
mental influence upon the .properties of 100 
the therapeutic substances contained in 
the material. However, this mode of 
treatment is unnecessary and the material 
to be distilled may be. entirely run into 
a distillation chamber and degasBed and log 
distilled therein, or the distilland can be 



Linseed oil is subjected to molecular 
85 distillation at temperatures between 
ISO" O. and 325* 0., four fraotions being 
withdrawn at successively higher tem- 
peratures, the first and second fractions 
each representing 10%, the third 30% 
40 and the final 1 fraction all but 5% of the 
oil. It is found that the remaining 6% 
will not spread evenly over the heated 
columns -of the still and that it gathers 
into local streams where it polymerizes 
46 and dries down to a hard varnish. The 

rate of flow is increased bv introducing _ 

fresh linseed oil into the still more oontained therein. By this latter method 
quioHy and a relatively large ouaatity the withdrawal of gases, etc., is accom- 
(10—80%) of viscous undistflledT oil is plisbed so rapidly that the pressure of the 
50 withdrawn from the bottom of the last residual gas in the vessel during distiUa- Hfi 
column and is pumped up and admixed tion is substantially the same a* when 
with oil from the previous stages which the degassing step is carried out in a 
is entering this column. Kve percent of separate chamber. In a preferred method 
this viscous oil coming from the "bottom the material to be distilled 1b passed 

k «,„ u»+ ~.i I-.-S -i-. tsj. through the -still a number of times or 120 

through a number of successive stills and 
each time the temperature is raised 
and/ or the pressure lowered *o as to 
remove successively the less and less 
volatile constituents. lijS 

In molecular distillation processes a 
low jpressuTs usually less than .1 mm. is 
employed, resulting in an appreciable ' 
mean free path. Pressures of less than 
about ,01 mm. such as for instance, about 180 



56 of the last column is led to -waste. 

tillation of all but 6% of the original oil 
is thus achieved and yet a quantity equal 
to 10—30% of the original oil is main- 
tained in rapid and satisfactory oircula- 

C0 tion' over the last column on which the 
deposition of solida is greatly diminished. 

The process of this invention is 
especially applicable- to-those distillation 
processes which occur under such high 

«6 vacuum conditions that a high 



atent # GB 490 433 rmip://wvw.getmep3tenlcort^ 4 0 f ; 



.001 max. to .W01 mm. are preferred, requisite physical properties a* relink 
However, as the mean lien path is vyapour pressure, and viscosity. Thus 
inversely propoitooual. to the pressure lt/ftglycerides such as castor oil. and oleia, 
is apparent that the higher the degree oiL/pJithalates such as benzyl, butyl, tuuyl, 
S vacuum, the greater will be the rate of ami oetyl phthalate, liig-1 [boiling alcohols 70 
distillation. It is therefore possible to such us mono, di and tri glycerol, esters 
use evaporating and condensing surfaces sue! as triacetin, methyl oleate, and 
situated witlun one ineh at a residual stearate. high bojpug hydrocarbons such 
operating pressure of less than 3 microns as lubricating oit£/" Apicsou " oils etc., 
10 mercury or within a quarter of an inch may be employed. Obviously no liquid 76- 
at less than a microns mercury, or within shoidd be selected which has'a high vis- 
10 inches at less Than .3 microns meroury eosify or decomposes at the temperature 
and so forth, n ith pressure anfl distanea at which it is employed 
as interchangeable quantities in mole- As already stated the process of the 
15 eiilar distillation no real lower limit to invention is applicable to the high 80 
the pressure or upper limit to the distance vueuum-short path distillation of any 
can be defined, but for reasons of substances containing vitamins, sterols, 
ejqpedieney it is preferable not to operate hormones or unsaturated glycerides which 
with a residual gas pressure of less than have a high viscosity or tendency to 
20 .01 microns mercury or a distance of deposit solids on the evaporating surface. 8fr 
greater than 10 ft. Distances of less than Examples of materials to -which the 
about 10 inches aueh as $ ineh to 6 inches invention, has been applied, in addition 
have been found to be most suitable. to those given above are the distillation 
In selecting the temperatures to be of crude animal and vegetable oils, fats 
25 used in high vacuuin short path and and waxes as hereinbefore defined, such 90 
especmUy molecular distillation processes as linseed, walnut, soya menhaden, 
consideration must be given to the ehnr- cottonseed, wheat genu, salmon, cod- 
acter of the material to be distilled turn" liver, herring, halibut, mackerel, etc., to 
of pressures treed. Materials of very low recover unsaturated glycerides and /or 
80 volatility must- be heated to temperatures therapeutic agents suoh as fat soluble 95 
approaching their decomposition point vitamins and sterols; crude germinal 
even though the lowest pressures attain- gland hormone concentrates and syn- 
able are employed- "With such com- thetio reaction mixtures containing them, 
pounds temperatures as high as 325" 0- It- is to be understood that the term 
86 are useful. On the other hand the Jepara- liquid agent designates materials which 10O 
tion of easily volatilizable compounds are liquid under normal conditions ns 
can be effected at low temperatures such well as those materials which are viscous 
as at room temperatures or slightly liquids or solids under normal conditions 
higher such as up to about 70" C. Jlost but which readily flow at the temperature 
£0 materials have vapour pressures inter- of the still, * j/15 
mediate between these, two extreme types The herein described process affords an 
and they may be satisfactorily distilled at economical simple and effective solution 
temperatures of 70" to 300" C. and of the -vexatious problem of preventing 
liannTl-v ot l/im»i. +oT»i-in>i.a+iiT»a nt Jiaf-n-pnTv deposited solids from clogging; or lower- 
ing the efficiency of a high vacuum-short no 
path still. By means of the invention 
viscous and deposit-forming materials 
satisfactory for the distillation of may be rapidly Tun through a molecular 
vitamins from vitamin containing oils. still and evenly spread in a thin layer 
60 "While the invention hae been described over the evaporating surface without 115 
as being especially applicable to processes thermal decomposition or deposition of 
of molecular distillation it is applicable solids. 

to all processes of high vacuum-short with Having now particularly described and 
distillation where a troublesome problem ascertained the nature of our said inven- 
65 in circulation of a distilland of the Had tion and in what manner the same is tor 120 
as hereinbefore defined and clogging of be performed, we declare that what we 
apparatus is encountered. It is, How- claim is: — 

ever, especially useful in processes of 1. The process of short path-high 
molecular distillation since the evaporat- vacuum distillation of substances which 
60 ing surfaces are necessarily very large are liquid at the temperature of the still 125> 
and it is important to distribute the and which 011 distillation yield fractions 
distilland thereon in a thin layer. containing vitamins, sterols, hormones or 

The materials used as diluents of the unsaturated glycerides. in which there is 
distilland may be any organic compounds added to tie original distilland or a frac- 

have th« tion obtained therefrom still requiring 130 



mm 



distillation another Hnuid having a 
vapour pressure lower than thai of tie 
distillate under £b» conditions appertain- 
ing, thereby preventing dposition of 

5 non-volatile residuum upon, the distilling 
surface, tending to clog -the still, 

2 The process as claimed in claim 1 
applied specifically to substances whioh 
are normally liquids. 

0 8. The process a* claimed in claim 1 or 
2 carried out under conditions of mole- 
cular distillation. 



a«er oistiuatlon and then recycled. 

. 5- 33u» process as claimed laolaim ■* 

in -which a distQland diluent ie used 



whioh is misoible with the distilland 
when hot, hut inuniscihle when cold. 20 

6. The process as claimed in claim 1, 
2 or 8 in which a non-volatile liquid frac- 
tion of the original distilland is 
recirculated, at least in pest, to serve as 
the distilland diluent. 25 

7. The process as claimed in claims 1, 
2, or 8 in whioh the original distilkvad. 
diluent comprises a mixture of a litniid 
having a vapour pressure lower -than that . 
of the distillate and a. non-Tolatilo ligoid so 
distilland fjaotion remaining from a 
previous " run ". 

Dated this 12th, day of February. 1887 
W. P. a?KOM3?SON & Co., 
13, Church Street, Liverpool, 
Chartered Patent Agents. 



7 Offioo, ly tbo Courier Erese.— 1988. 



